Introduction {#j_bjmg-2019-0002_s_001}
============

According to the American College of Obstetricians and Gynecologists \[[@j_bjmg-2019-0002_ref_001]\], recurrent pregnancy loss is a disease, defined as two or more failed pregnancies. Recurrent pregnancy loss is one of the most frustrating and difficult areas of reproductive medicine because up to 50.0% of cases lack clearly defined etiology \[[@j_bjmg-2019-0002_ref_002]\]. Common conditions that have been associated with recurrent pregnancy losses include uterine abnormalities, parental chromosomal aberrations, various endocrine disturbances and the presence of antiphospholipid antibodies \[[@j_bjmg-2019-0002_ref_003],[@j_bjmg-2019-0002_ref_004]\]. Uncontrolled inflammatory response is thought an important mechanism underlying development of pregnancy complications such as unexplained pregnancy loss, preeclampsia, fetal growth restriction and death \[[@j_bjmg-2019-0002_ref_005],[@j_bjmg-2019-0002_ref_006]\]. In the placenta, innate and adaptive immune responses influence the balance between anti- and pro-inflammatory decidual environments. These inflammatory changes are essential to various processes that are required for successful embryonic implantation, such as trophoblast invasion, angiogenesis and placentai growth \[[@j_bjmg-2019-0002_ref_007]\].

Pentraxins are a superfamily of evolutionarily conserved multifunctional pattern-recognition proteins that play roles in innate humoral immunity. Serum amyloid Ρ component and C reactive protein constitute the short arm of the pentraxin superfamily. Pentraxin 3 (PTX3) is a prototype member of long arm that contains an additional N-terminal domain. Unlike classic pentraxins made in the liver, PTX3 is produced locally by a number of different cells such as mononuclear cells, dendritic cells and endothelial cells \[[@j_bjmg-2019-0002_ref_008]\]. Pentraxin 3 is a multifunctional protein that interacts with various ligands, including elements of the complement system such as C1q, factor H, C4 binding protein, ficolins and mannose-binding lectin; growth factors such as fibroblast growth factor 2; adhesion molecules such as P-selectin; extracellular matrix components such as inter-a-trypsin inhibitor; tumor necrosis factor-inducible gene-6 and fibrin; apoptotic cells, and pathogens such as *Klebsiella pneumoniae* and *Aspergillus ficmigatus* \[[@j_bjmg-2019-0002_ref_009]\]. Hence, PTX3 plays important roles in innate immunity, complement activation, inflammation, matrix deposition, angiogenesis, vascular remodeling, platelet activation, antimicrobial resistance and tissue repair \[[@j_bjmg-2019-0002_ref_008]\]. Pentraxin 3 also behaves as an acute-phase response protein that is rapidly induced from low blood levels in response to inflammation. Pentraxin 3 expression levels have also been correlated with disease severity under conditions of sepsis, acute myocardial infarction, atherosclerosis, autoimmune disorders and preeclampsia \[[@j_bjmg-2019-0002_ref_010],[@j_bjmg-2019-0002_ref_011]\].

During pregnancy, PTX3 is expressed in amniotic epithelial, chorionic mesoderm, terminal villous trophoblast and placentai perivascular stromal tissues, and is increasingly expressed during pregnancy and peaks during labor \[[@j_bjmg-2019-0002_ref_012],[@j_bjmg-2019-0002_ref_013]\]. However, no previous studies have shown PTX3 expression patterns in placentai tissues of patients with unexplained recurrent pregnancy loss (URPL). Herein, we determined PTX3 expression levels in patients with URPL and compared these with those in a control group of subjects with a history of healthy live births.

Materials and methods {#j_bjmg-2019-0002_s_002}
=====================

**Study Subjects**. In this retrospective case-control study, we evaluated placentai tissues from 50 URPL patients and 50 healthy subjects who had full-term births between 2008 and 2014. Formalin-fixed/paraffin-embedded (FFPE) tissue samples that had been previously submitted for routine pathological examination were collected from the archives of the Department of Pathology, University of Pamukkale, Denizli, Turkey. The study protocol was approved by the Ethics Committee of Pamukkale University (No: 2014/1-1, Date: 01.07.2014), and all procedures were performed in conformance with the Declaration of Helsinki (2000).

The inclusion criteria for study subjects were the loss of more than two pregnancies in the presence of normal conceptus and parental karyotypes. The absence of anticardiolipin antibodies, lupus anticoagulating agents, uterine anomalies (determined *via* ultrasonography and hysterosalpingography), hormonal imbalances (due to polycystic ovary syndrome, diabetes and untreated thyroid disease), known autoimmune disease, such as lupus erythematosus or rheumatoid arthritis, thrombophilic abnormalities (indicated by Factor V Leiden thrombophilia and prothrombin *G20210A* mutations), and histopathological placentai anomalies, was confirmed in all included subjects. A total of 50 women met the inclusion criteria, and none had known diseases during sampling.

Placentai tissues were collected from healthy women with single pregnancies; no history of pregnancy loss or pregnancy complications such as preeclampsia, eclampsia, preterm birth or intrauterine growth restriction, and no histopathological placentai anomalies. No control subjects had undergone a cesarean section. Because placentai PTX3 expression levels were reportedly highest at fullterm pregnancy, we made comparisons of PTX3 expression levels with those in full-term placentas from control subjects \[[@j_bjmg-2019-0002_ref_012], [@j_bjmg-2019-0002_ref_013], [@j_bjmg-2019-0002_ref_014]\].

**Sample Collection**. All tissue sections were reevaluated, and optimal images of maternal placentai areas, including decidual cells and trophoblasts, were collected. Cells were not analyzed separately because we do not have access to a laser microdissection instrument. Two 10 μm-thick slices were cut from each FFPE block with disposable blades and placed in sterile 1.5 mL centrifuge tubes for total RNA extraction. Immunohistochemical (THC) analyses of tissues from all study subjects were performed using 4 μm-thick sections mounted on positively charged slides.

**RNA Extraction and cDNA Synthesis**. The tissue samples were deparaffinized by twice extracting with 1 mL of xylene for 10 min., followed by rehydration through subsequent washes with 100.0, 90.0 and 70.0% ethanol diluted in RNase-free water. Total RNA was isolated from tissue samples using RNeasy® FFPE Kits (Qiagen GmbH, Hilden, Germany) according to the manufacturer\'s instructions. The concentration and purity of the total RNA samples were determined using NanoDrop 2000c (Thermo Fisher Scientific, Wilmington, MA, USA). Total RNA samples of about 2 μg were then incubated in a final reaction volume of 20 μL, containing the reagents for reverse transcription using a commercial kit (High Capacity cDNA Reverse Transcription Kit; Applied Biosystems, Foster City, CA, USA). cDNAs were stored at --20 °C until use as templates in quantitative real-time polymerase chain reactions (qRT-PCRs).

**Quantitative Real-Time Polymerase Chain Reaction**. Real-time PCR analyses were performed using the LightCycler 480 platform (Roche Diagnostics GmbH, Penzberg, Germany) with the PCR primers and Universal ProbeLibrary (UPL) probes for PTX3 and the internal reference gene (β-actin) listed in [Table 1](#j_bjmg-2019-0002_tab_001){ref-type="table"}. Primer sequences for PTX3 were 5\'-CGG TGC TAG AGG AGC TG-3\' and 5\'-GGAATAAAA TAG CTG TTT CAC AAC CT-3\', with UPL probe 23; and primer sequences for ACTB (β-actin) were 5 \'-CGA CAG GAT GCA GAA GGA G-3\' and 5\'-AGG AGG AGC AAT GAT CTT GAT CT-3\', with an Universal ProbeLibrary (UPL) probe 37. Pentraxin 3 expression levels were determined in final reaction volumes of 20 μL containing 0.5 μΜ of each primer, 0.15 μΜ of probe, 4 μL of X 5 LightCycler TaqMan Master Mix, 2 μL of cDNA sample, and 13 μL of PCR-grade water. The cycle conditions were 1 cycles at 95 °C for 10 min., followed by 45 cycles at 95 °C for 10 seconds, 60 °C for 30 seconds and 72 °C for 1 second. Analyses were performed with negative control reaction mixtures containing PCR-grade water instead of DNA. Quantification of PTX3 mRNA expression levels was calculated based on the quantification cycle (Cq) for each well, and normalized to β-actin as endogenous controls in both patient and control groups. Raw data were processed using LightCycler 480 software (Roche Diagnostics GmbH, Mannheim, Germany). The expression of PTX3 mRNA was calculated using the ߡߡCqmethod and compared with the expression in the control group. The difference was considered significant when the *ρ* value was \<0.05. The value was represented as the mean fold of RNA expression compared with the controls. β

###### 

Primer sequences and probes.

+-----------+---------------------------------------+-----------------------------+---------------+
| Gene      | Primer Sequences (5\'\>3\')           | UPL Probe                   | Amplicon size |
+===========+=======================================+=============================+===============+
| *PTX3*    | F: GCTG GTG CTA GAG GAG CTG           | Probeno: \#23 (04686977001) | 106 bp        |
|           |                                       |                             |               |
|           | R: GGA ATA AAA TAG CTG TTT CAC AAC CT |                             |               |
+-----------+---------------------------------------+-----------------------------+---------------+
| β*-actin* | F: CGA CAG GAT GCA GAA GGA G          | Probeno: \#37 (04687957001) | 74 bp         |
|           |                                       |                             |               |
|           | R: AGG AGG AGC AAT GAT CTT GAT CT     |                             |               |
+-----------+---------------------------------------+-----------------------------+---------------+

UPL: Universal ProbeLibrary; F: forward; *PTX3*: pentraxin 3; R: reverse; bp: base pair.

**Immunohistochemical Analyses**. No monoclonal antibody against PTX3 was commercially available. Thus, IHC analyses were performed using polyclonal antibody against PTX3 (dilution, 1/250; Sigma-Aldrich, St. Louis, MO, USA). Tissue sections of 4 μm in thickness were prepared from the URPL patients (*n =* 50) and controls (*n =* 50). The sections were dehydrated at 60 °C for 2 hours and were then stained using an automated staining system (Ventana Medical Systems Inc., Tuczon, AZ, USA) according to the manufacturer\'s instructions. Briefly, antigen retrieval were performed by an acidic citrate buffer-based solution (CC2; Ventana Medical Systems Inc.) for 1 hour. The tissue sections were incubated with anti-PTX3 antibody for 1 hour at 37 °C. The slides were then counter-stained with hematoxylin ΙΙ and bluing reagent (Ventana Medical Systems Inc.) for 4 min., then dehydrated in a graded series of ethyl alcohol and xylene baths. Negative controls were achieved by substituting the primary antibody with phosphate-buffered saline, and PTX3-immuno-reactive cells were counted under a light microscope with a x40 objective lens.

Cytoplasmic PTX3 staining intensities and percentages of positive cells were evaluated and recorded as 0 (no staining), 1 (1.0-10.0% staining of the cells), 2 (11.025.0% staining of the cells), 3 (26.0-50.0% staining of the cells) or 4 (\>50.0% staining of the cells) as described previously \[[@j_bjmg-2019-0002_ref_015]\].

**Statistical Analyses**. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS®), version 23.0 (IBM SPSS Inc., Armonk, NY, USA). Data were expressed as mean values + standard deviations (SDs). Differences between patient and control groups were identified using Mann-Whitney U test and were considered significant when the *p* value was \<0.05. Pearson correlation was used to determine the correlation between the PTX3 expression levels obtained by IHC and qRT-PCR.

Results {#j_bjmg-2019-0002_s_003}
=======

The characteristics of the URPL patients are shown in [Table 2](#j_bjmg-2019-0002_tab_002){ref-type="table"}. Patient and control groups did not differ significantly in terms of age (*p* = 0.819), and 30 (60.0%), 17 (34.0%), and three (6.0%) URPL patients had zero, one, and two live births, respectively. Numbers of previous miscarriages and gestational weeks of current miscarriages (mean ± SD) were 2.34 + 0.77 and 10.16 + 3.58, respectively.

###### 

Unexplained recurrent pregnancy loss and control group characteristics.

  Parameters                                Mean ± SD        Mean Values (min-max)   Mean ± SD            Mean Values (min-max)       *ρ* Value
  ----------------------------------------- ---------------- ----------------------- -------------------- --------------------------- -----------
  Age (years)                               29.76 ±5.04      29 (22-40)              29.34 ±4.51          29 (19-41)                  0.819
  Number of previous miscarriages           2.34 + 0.77      2(2-5)                  --                   --                          --
  Gestational week of current miscarriage   10.16 ±3.58      9 (5-20)                --                   --                          --
  Number of previous live births            0.46 ± 0.61      0(0-2)                  1.68 ±0.74           2(1-4)                      0.0001
  PTX3 mRNA expression levels               0.0014 ±0.0059   0.0001 (0.000-0.418)    0.000012 ±0.000038   0.000002 (0.000-0.000264)   0.0001

UPRL: Unexplained recurrent pregnancy loss; SD: standard deviation; min-max, minimum-maximum.

The present qRT-PCR analyses were successful for all samples, and PTX3 mRNA expression in the patient group was 116-fold higher than that in the control group (*p* = 0.0001; [Figure 1](#j_bjmg-2019-0002_fig_001){ref-type="fig"}). In the patient group, no significant correlations were found between PTX3 mRNA expression levels and maternal ages, numbers of live births, previous numbers of miscarriages, and gestational weeks of miscarriage. The URPL patients were divided into the patients with no previous live births and the patients with previous live births, and PTX3 mRNA expression levels did not differ significantly between the two groups. However, PTX3 mRNA expression levels of the patients with no live births were significantly elevated in comparison with PTX3 mRNA expression levels of URPL patients and control subjects with previous live births (*p =* 0.0001; [Figure 2](#j_bjmg-2019-0002_fig_002){ref-type="fig"}).

![Mean *PTX3* mRNA expression normalized for β-actin mRNA expression in the placentai tissues from URPL patients and control subjects. The small circles mean the outlier values and the asterisks (\*) indicate extreme values.](bjmg-22-021-g001){#j_bjmg-2019-0002_fig_001}

![Mean *PTX3* mRNA expression normalized for β-actin mRNA expression in the placentai tissues from URPL patients without live birth, all women (URPL patients and controls) with previous live births. The small circles mean the outlier values and the asterisks (\*) indicate extreme values.](bjmg-22-021-g002){#j_bjmg-2019-0002_fig_002}

Immunohistochemistry analysis showed that the PTX3 protein expression was widely distributed in the villous and extravillous cytotrophoblast, and also in the stromal and endothelial cells. Similar tissue distribution was observed in both URPL patients and control subjects. The PTX3 protein expression was scored as 1 in four, 2 in 10, 3 in 16 and 4 in 20 URPL patients, whereas the same scores of 1, 2, 3 and 4 were assigned to 28, 13, seven and two control subjects, respectively. [Figure 3(a)](#j_bjmg-2019-0002_fig_003){ref-type="fig"} to [3(d)](#j_bjmg-2019-0002_fig_003){ref-type="fig"} shows representative images of the IHC staining scores. As in *PTX3* mRNA expression analyses, protein expression levels differed significantly between URPL patients and controls *(p* = 0.0001) \[[Figure 3(e)\]](#j_bjmg-2019-0002_fig_003){ref-type="fig"}. We also compared the results of both methodologies, and there was a weak positive correlation between *PTX3* mRNA and protein expression levels *(p* = 0.023; *r* = 0.227).

![Representative images of PTX3 immunhistochemistry staining in the placentai tissues derived from control subjects (a and b) and URPL patients (c and d). Pentraxin 3 is exclusively expressed in the cytoplasm. Positive staining is shown in brown. Subjects were semi-quantified as score 1 (a), score 2 (b), score 3 (c), score 4 (d) (original magnification, X400). (e) Immunhistochemistry scores for PTX3 expression was significantly higher in URPL patients than the control subjects. Values are expressed as means ± SDs.](bjmg-22-021-g003){#j_bjmg-2019-0002_fig_003}

Discussion {#j_bjmg-2019-0002_s_004}
==========

The multifunctional protein PTX3 is a well-known pattern recognition receptor that interacts with multiple ligands, including Clq, fibroblast growth factor 2, and P-selectin. The PTX3 is also reportedly involved in the pathogenesis of disorders such as atherosclerosis and inflammatory rheumatic disease and in pregnancy-related problems such as preeclampsia and preterm births \[[@j_bjmg-2019-0002_ref_016],[@j_bjmg-2019-0002_ref_017]\]. Several previous studies showed a significant overexpression of PTX3 depending on disease severity in women with preeclampsia \[[@j_bjmg-2019-0002_ref_018],[@j_bjmg-2019-0002_ref_019]\]. Furthermore, when maternal plasma PTX3 levels were measured during the early weeks of pregnancy, subjects who later developed preeclampsia were found to have significantly higher levels than those who did not develop preeclampsia \[[@j_bjmg-2019-0002_ref_020], [@j_bjmg-2019-0002_ref_021], [@j_bjmg-2019-0002_ref_022]\]. Therefore, PTX3 may be considered an early marker of placentai dysfunction.

Incorrect decidualization and implantation was previously observed in *Ptx3^-/-^* mice, suggesting that PTX3 plays an important role in blastocyst invasion during endometrial differentiation and implantation stages \[[@j_bjmg-2019-0002_ref_023]\]. The *PTX3* is one of the few genes that are induced in fetal implantation areas and is expressed most strongly from decidualized stromal cells following inflammatory events that are mediated by trophoblasts, natural killer cells and antigen-presenting cells \[[@j_bjmg-2019-0002_ref_024],[@j_bjmg-2019-0002_ref_025]\]. To the best of our knowledge, the present study is the first to investigate PTX3 mRNA and protein levels in placentai tissues from women with URPL using qRT-PCR and IHC.

Recent studies indicate that the highest PTX3 levels in plasma occur during labor \[[@j_bjmg-2019-0002_ref_013],[@j_bjmg-2019-0002_ref_014],[@j_bjmg-2019-0002_ref_026]\]. Moreover, significant differences in plasma PTX3 levels were observed between women with differing types of delivery. Specifically, significantly higher PTX3 levels were observed after vaginal deliveries than after cesarean deliveries \[[@j_bjmg-2019-0002_ref_027],[@j_bjmg-2019-0002_ref_028]\]. Therefore, we excised tissue sections containing trophoblast and decidual cells from the maternal side of placenta after full-term healthy pregnancies and excluded women with cesarean deliveries from the control group.

In a 2012 publication, Ibrahim *et al*. \[[@j_bjmg-2019-0002_ref_029]\] demonstrated the relationship between PTX3 levels and recurrent miscarriage. They compared plasma PTX3 concentrations between patients with primary recurrent miscarriages and pregnant women at the same gestational week and found significantly higher plasma PTX3 levels in the miscarriage group and a positive correlation with numbers of previous miscarriages. Herein, we determined PTX3 expression in placentai tissues, and similar to previous studies, we observed 116-fold higher PTX3 expression in the patient group than in the control group. We did not, however, observe significant correlations with age, numbers of previous miscarriages, gestational week of the current miscarriage, or the number of previous live births. Nonetheless, PTX3 expression levels differed significantly between patients who had no live births and women with previous live births. We suggest that aberrant inflammatory signaling contributes to URPL and involves PTX3. In agreement with this hypothesis, the PTX3 ligand Clq reportedly plays key roles in trophoblast invasion, spiral artery remodeling, and normal placentation \[[@j_bjmg-2019-0002_ref_030],[@j_bjmg-2019-0002_ref_031]\], and abnormal distributions of Clq have been associated with adverse pregnancy outcomes such as miscarriage, preterm delivery and pre-eclampsia \[[@j_bjmg-2019-0002_ref_032]\].

In the present study, we found that PTX3 expression was dramatically increased in placentai tissues from patients with URPL. Hence, immune dysregulation may be among the etiological factors for URPL, but further functional studies are needed to examine the interactions between PTX3 and other immunological signaling molecules that are stimulated under the conditions of URPL.
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